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$EVWUDFW²7KLV DUWLFOH SUHVHQWV WKH LQYHVWLJDWLRQ RI D
PLOOLPHWUHZDYH H[WHQGHG LQWHUDFWLRQ RVFLOODWLRQ XVLQJ ERWK
SHQFLO DQG VKHHWVKDSHG SVHXGRVSDUN 36VRXUFHG HOHFWURQ
EHDPV 7ZR :EDQG  *+] SHQFLO DQG VKHHW EHDP
H[WHQGHG LQWHUDFWLRQ RVFLOODWRUV (,2 ZHUH GHVLJQHG DQG
FRQVWUXFWHG UHVSHFWLYHO\ 7KH 36VRXUFHG SHQFLO EHDP (,2
VWUXFWXUHZDVILUVWO\GULYHQE\DIRXUJDS36GLVFKDUJHRSHUDWLQJ
DWN9DQGWKHRXWSXWSRZHURI:ZDVDFKLHYHG7KHVDPH
(,2VWUXFWXUHZDVWKHQGULYHQE\DQLPSURYHG36VRXUFHGEHDP
SURGXFHG E\ FRPELQLQJ D VLQJOHJDS 36 VWUXFWXUH ZLWK DQ
LQWHJUDWHG SRVWDFFHOHUDWLRQ VHFWLRQ ZKLFK JHQHUDWHG DQ RXWSXW
SRZHU RI : 7KH SUHOLPLQDU\ 36VRXUFHG VKHHW EHDP (,2
VWUXFWXUHZLOODOVREHSUHVHQWHG
.H\ZRUGV²PLOOLPHWUHZDYH (,2 SVHXGRVSDUN GLVFKDUJH
HOHFWURQEHDPSRVWDFFHOHUDWLRQ
, ,1752'8&7,21
0LOOLPHWUHZDYH VRXUFHV LQ WKH IUHTXHQF\ UDQJH IURP 
WR  7+] KDYH UHFHLYHG LQFUHDVLQJ LQWHUHVW LQ UHFHQW \HDUV
EHFDXVHRIWKHLUPDQ\H[FLWLQJDSSOLFDWLRQVVXFKDVLQQH[W*
EH\RQG KLJK VSHHG PRELOH ZLUHOHVV FRPPXQLFDWLRQV QHZ
JHQHUDWLRQ RI HOHFWURQ VSLQ UHVRQDQFH VSHFWURVFRS\ UHPRWH
LPDJLQJ UDGDU DQG DSSOLFDWLRQV WR WKH LQWHUQHW RI WKLQJV 7R
GDWH YDFXXP HOHFWURQLF WHFKQRORJ\ VWLOO UHPDLQV WKH PDLQ
PHWKRG WR DFKLHYH NLORZDWW OHYHO KLJK SRZHU EURDGEDQG
PLOOLPHWUHZDYHUDGLDWLRQ1HYHUWKHOHVV LQYDFXXPHOHFWURQLF
GHYLFHVKLJKTXDOLW\LQWHQVHHOHFWURQEHDPVKDYHEHHQFUXFLDO
DVWKHIUHTXHQF\LQFUHDVHVWKXVWKH36GLVFKDUJHKDVDWWUDFWHG
DORWRIDWWHQWLRQUHFHQWO\DVDSURPLVLQJVRXUFHRIKLJKTXDOLW\
KLJK LQWHQVLW\ HOHFWURQ EHDP SXOVHV ZLWK WKH EHDP FXUUHQW
GHQVLW\XSWR$PDQGEULJKWQHVVXSWR$PUDG>
@7KLVLVEHFDXVHD36VRXUFHGHOHFWURQEHDPKDVWKHDELOLW\
WR VHOIIRFXV GXH WR WKH XQLTXH GLVFKDUJH VWUXFWXUH DQG WKH
IRUPDWLRQRIDQLRQFKDQQHOJHQHUDWHGE\WKHEHDPIURQW7KLV
PDNHV LW DQ H[FHOOHQW HOHFWURQ EHDP VRXUFH IRU GHVLUDEOH
FRPSDFW PLOOLPHWUHZDYH GHYLFHV $PRQJ YDULRXV YDFXXP
HOHFWURQLF GHYLFHV WKH (,2 DV D OLQHDU EHDP YDFXXP GHYLFH
KDV JDLQHG FRQVLGHUDEOH DWWHQWLRQ DV D SURPLVLQJ PLOOLPHWUH
ZDYHRVFLOODWLRQVRXUFHGXHWRLWVKLJKJDLQSHUXQLWOHQJWKDQG
FRPSDFWFRQILJXUDWLRQ>@
,Q WKLV SDSHUZH XVH D36VRXUFHG HOHFWURQEHDP LQVWHDG
RI WKH FRQYHQWLRQDO HOHFWURQ EHDP SURGXFHG E\ D WKHUPLRQLF
FDWKRGHWRGULYHWKH(,2WRDFKLHYHPRUHFRPSDFWVWUXFWXUHV
7RDFKLHYHEHWWHUEHDPTXDOLW\WKH36VRXUFHGHOHFWURQEHDP
LV DOVR LQYHVWLJDWHG ZLWK SRVWDFFHOHUDWLRQ WR UHGXFH LWV EHDP
HQHUJ\ VSUHDG > @ 7R DFKLHYH KLJKHU RXWSXW SRZHU D
SODQDU(,2VWUXFWXUH LV IXUWKHUVWXGLHGDQGSRZHUHGE\D36
VRXUFHGVKHHWEHDP>@
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)LJ VKRZV WKH VFKHPDWLF 36 EHDP H[WUDFWLRQ DQG (,2
H[SHULPHQWDO VHWXSV RI ERWK D IRXUJDS 36 GLVFKDUJH DQG D
RQHJDS 36 GLVFKDUJH FRPELQLQJ ZLWK DQ LQWHJUDWHG SRVW
DFFHOHUDWLRQ VHFWLRQ WR GULYH ERWK WKH SHQFLO EHDP (,2
VWUXFWXUH DQG WKH VKHHW EHDP (,2 VWUXFWXUH ZKHUH WKH PLFUR
SHQFLO EHDP DQG VKHHW EHDP DUH REWDLQHG E\ DSSO\LQJ
DSSURSULDWH FROOLPDWRUV DWWDFKHG WR WKH DQRGH )LJ VKRZV D
SKRWRJUDSK RI WKH :EDQG RVFLOODWRU EDVHG RQ D 36VRXUFHG
HOHFWURQEHDPDQGWKH(,2FLUFXLW,WGRHVQRWQHHGDQH[WHUQDO
IRFXVLQJ PDJQHWLF ILHOG DQG LV FDSDEOH RI RSHUDWLQJ DW KLJK
UHSHWLWLRQUDWHXSWRDIHZN+])LJDVKRZVDW\SLFDOSHQFLO
EHDP FXUUHQW UHFRUGLQJ IURP WKH IRXUJDS 36 GLVFKDUJH
FRQILJXUDWLRQLQZKLFKLWFDQEHHQVHHQWKDWWKHHOHFWURQEHDP
KDV ELJJHU HQHUJ\ VSUHDG GXH WR LWV FRUUHVSRQGLQJ WR WKH
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VZHHSLQJ YROWDJH )LJE SUHVHQWV D W\SLFDO HOHFWURQ EHDP
FXUUHQW UHFRUGLQJ YHUVXV D IODWWHU SXOVHG YROWDJH IURP WKH
VLQJOHJDS36GLVFKDUJHZLWKSRVW DFFHOHUDWLRQXQLW UHVXOWLQJ
LQ VPDOOHU EHDP HQHUJ\ VSUHDG )LJ VKRZV D EHDP LPDJH
FDSWXUHGDIWHUSRVWDFFHOHUDWLRQ
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)LJ6FKHPDWLF36EHDPH[WUDFWLRQDQG(,2H[SHULPHQWDOVHWXSVRIERWKD
IRXUJDS36GLVFKDUJHDQGDRQHJDS36GLVFKDUJHFRPELQLQJZLWKDQ
LQWHJUDWHGSRVWDFFHOHUDWLRQVHFWLRQ

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D7\SLFDOSHQFLOEHDPFXUUHQWUHFRUGLQJVIURPWKHIRXUJDS36
GLVFKDUJHFRQILJXUDWLRQDQGEVLQJOHJDS36GLVFKDUJHZLWKSRVW
DFFHOHUDWLRQVHFWLRQ
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)LJ36EHDPLPDJHFDSWXUHGDIWHUSRVWDFFHOHUDWLRQ

$:EDQG *+]*+](,2FLUFXLWRSHUDWHG LQ WKH
ʌ PRGH ZDV VHOHFWHG IRU WKH ILUVW H[SHULPHQW EHFDXVHRI LWV
VKRUWHULQWHUDFWLRQOHQJWKKLJKLQWHUDFWLRQLPSHGDQFHDQGKLJK
JDLQ SHU XQLW OHQJWK DV FRPSDUHG ZLWK D EDFNZDUG ZDYH
RVFLOODWRU 7KH EHDP YROWDJH ZDV GHVLJQHG WR EH FHQWHUHG DW
N9 ZKLFK LV VXLWDEOH IRU D IRXUJDS 36 GLVFKDUJH7KLV
QHZO\ GHYHORSHG GHYLFH FRPELQHV WKH PHULW RI D VKRUW
LQWHUDFWLRQ FLUFXLW LQ WKH (,2 DQG WKH KLJK FXUUHQW GHQVLW\
SURSHUW\RIWKH36VRXUFHGHOHFWURQEHDPWRJHQHUDWH:EDQG
FRKHUHQW UDGLDWLRQ )LJ  VKRZV WKH OD\RXW VWUXFWXUH DQG
GLVSHUVLRQRIWKH(,2FLUFXLWIURPZKLFKWKH(,2GHYLFHDQG
RSHUDWLQJIUHTXHQF\FDQEHVHHQ

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UHVXOWVIURPWKHIRXUJDS36GLVFKDUJHFRQILJXUDWLRQVKRZWKDW
ZLWK D  N9 GLVFKDUJH YROWDJH WKH (,2 VXFFHVVIXOO\
SURGXFHG :EDQG UDGLDWLRQ SXOVHV DV LQ )LJ D ZLWK  :
SHDNSRZHUDQGQVGXUDWLRQZKLFKDJUHHVZHOOZLWKWKH'
3DUWLFOHLQ&HOO 3,& VLPXODWLRQV XVLQJ 0$*,& 7KH RXWSXW
SRZHUZDVPHDVXUHGXVLQJ WKHJHQHUDO DQWHQQD WKHRUHPZLWK
WKH WRWDO SRZHU IURP D ODXQFKLQJ DQWHQQD FDOFXODWHG E\
LQWHJUDWLQJLWVUDGLDWHGSRZHUGHQVLW\RYHUVSDFH

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EDQGVLQJOHJDSSRVWDFFHOHUDDWHG36EHDP

([SHULPHQWV ZLWK WKH VDPH :EDQG SHQFLO EHDP (,2
VWUXFWXUHSURGXFHGDQRXWSXWSRZHURIXSWR:ZKHQWKH
SRVWDFFHOHUDWHG FRQILJXUDWLRQ LQ )LJ E ZDV XVHG DV
FRPSDUHG WR : JHQHUDWHG IURP WKH JDS 36 GLVFKDUJH
FRQILJXUDWLRQ VKRZQ LQ )LJ D >@ $V IRU WKH VKHHW EHDP
(,2VWUXFWXUHVLPXODWLRQVSUHGLFWDPXFKKLJKHURXWSXWSRZHU
FDQ EH DFKLHYHG )XUWKHU VWXGLHV RI D SODQDU (,2 ZLWK D 36
VKHHW HOHFWURQ EHDP ZLOO EH FRQGXFWHG XVLQJ WKLV LPSURYHG
FRQILJXUDWLRQ DQG D KLJKHU IUHTXHQF\ *+] (,2 VWUXFWXUH
ZLOOEHVWXGLHGLQWKHQHDUIXWXUH

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([SHULPHQWDOUHVXOWVKDYHVKRZQWKDW36VRXUFHGEHDPVKDYH
EHHQ VXFFHVVIXOO\DSSOLHG LQ WKHJHQHUDWLRQRIPLOOLPHWUHDQG
WHUDKHUW]UDGLDWLRQ7KHRXWSXWSRZHURI WKHGHYLFHVKDVEHHQ
HVWLPDWHG LQ WKH UDQJHRI D IHZ ZDWWV WR D IHZ WHQVRI ZDWWV
ZKLFK DJUHHV ZHOO ZLWK VLPXODWLRQV 7KLV HQDEOHV WKH 36
VRXUFHGHOHFWURQEHDPWREHDYHU\SURPLVLQJEHDPVRXUFHIRU
FRPSDFW DQG FRVWHIIHFWLYH WHUDKHUW] VRXUFHV DV ZHOO DV QRW
UHTXLULQJWKHDSSOLFDWLRQRIDQH[WHUQDOJXLGHPDJQHWLFILHOGWR
IRUPDQGSURSDJDWHWKHEHDP

9DULRXV EHDPZDYH LQWHUDFWLRQ FLUFXLWV KDYH EHHQ VWXGLHG
FRYHULQJDZLGH UDQJHRI IUHTXHQFLHV LQ:EDQGDQG*EDQG
WR LQYHVWLJDWH WKH SRWHQWLDO DSSOLFDWLRQ RI 36 JHQHUDWHG
HOHFWURQ EHDPV 6HYHUDO VXFFHVVIXO H[SHULPHQWV KDYH
GHPRQVWUDWHG WKH 36VRXUFHG HOHFWURQ EHDP WR EH D YHU\
SURPLVLQJ EHDP VRXUFH LQ GLIIHUHQW EHDP ZDYH LQWHUDFWLRQV
UHJLRQV GHVLJQHG IRU WKH JHQHUDWLRQ RI WHUDKHUW] UDGLDWLRQ
&RQVLGHULQJWKHPHULWVRI(,2IXUWKHUVWXGLHVRIDSODQDU(,2
ZLWK D 36 VKHHW HOHFWURQ EHDP ZLOO EH FRQGXFWHG XVLQJ WKLV
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LPSURYHGSRVWDFFHOHUDWHG36EHDPFRQILJXUDWLRQDQGDKLJKHU
IUHTXHQF\ *+] (,2 VWUXFWXUH ZLOO EH VWXGLHG LQ WKH QHDU
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